It has been shown that fifteen minutes of locally applied cycloid vibration of low amplitude and frequency is equally as effective as a fifteen minute programme of flexibility exercises in increasing short term mobility of the hip flexors. It is suggested that this mobility change may occur as a result of improved muscle relaxation.
INTRODUCTION
Review of the Literature
Apart from surgical intervention and manipulation under anaesthetic there appear to be two general approaches to the improvement of joint mobility. The first of these is through exercise -usually, but not always, mechanical stretching exercise with or without external assistance. The second is through the application of therapeutic treatments such as heat, vibration and massage. Studies have been made of the mobilising effects of some of these methods, e.g. stretching exercises (Weber and Kraus, 1949; Fieldman, 1966) , weight training exercises (Massey and Chaudet, 1956;  Meyers, 1971) , Hatha Yoga (de Vries, 1962) , the exercise effects of sports participation (Skvartsov and Sermeev, 1964) , exercises following the principles of proprioceptive neuromuscular facilitation (Tanigawa, 1972) , relaxation exercises (Warden, 1961) , vibration (Bierman, 1960) , massage (Kos, 1966) and heat treatment (Kos, 1966; Grobacker and Stull, 1975) .
Comparisons between the above studies are difficult to make because of the differing experimental conditions and methods of measurement employed, and because specific comparative studies, even of related methods within one class of treatments, are rare. Consequently, it is not easy to decide if one method is better than another. No agreed guide exists to the most appropriate regimen to be adopted even in such long established practices as mobilising exercises except "the clinical experience of the physician and physiotherapist" (Johnson and Buskirk, 1974, P449 ). Yet such a guide would be helpful to clinicians involved in the rehabilitation of disabled persons and to sportsmen concerned with the achievement of high levels of skilled performance.
It is the purpose of this paper to examine the relative merits of two mobilising techniques that have different principles of action.
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Joint mobility is limited by the bony and fleshy masses that block movements in the end position, by the muscles, tendons, ligaments and capsules that act as ties and which are put on stretch in the limiting position, by articular pains that inhibit movement, by joint pathology, muscle viscosity, reciprocal muscle co-ordination, neuropathology, and general stress and anxiety (Billig and Loewendahl, 1949) . The mobility of joints appears to be independent of physique (Laubach and McConville, 1966) and not as age dependent as is commonly assumed (Greey, 1958) though evidence of mobility peaks at different ages are reported e.g. at 14-15 years (Skvortsov and Sermeev, 1964) and at 25 years (Jervey, 1962) .
Harris (1967) (Billig and Loewendahl, 1949; Stafford and Kelley, 1958) and may be expressed, say, as: "The development of mobility in a joint is a function of the magnitude and frequency of the imposed tolerable stretch." The validity of such a principle would tend to be supported by the studies of Weber and Kraus (1949) , Greey (1958) and Fieldman (1966) but not by those of de Vries (1962) .
The second principle underlies both the neuromuscular relaxation method of Warden (1962) and the proprioceptor neuromuscular facilitation method of Kabat (1965) and Knott and Voss (1968 (Rushworth and Young, 1966; Goodwin, McCloskey and Matthews, 1971; Hagbarth and Eklund, 1969; Eklund, 1971) . In general this second principle would be supported by the studies of Bierman (1960) , Chapman, Swezey and de Vries (1970) and Tanigawa (1972 Forty-two healthy young adult males randomly and independently sampled from the undergraduate and post-graduate population of the University took part in the study. All subjects were given the three mobilising treatments, one on each of three successive days. The sequence of treatments was randomised, except that an equal number of subjects received each possible combination of treatment orders. All treatments lasted fifteen minutes. In addition a record was made of each subject's age, height, weight and dactylion height -i.e. the distance of the tip of the third finger to the ground in erect standing.
Before and after each treatment session hip flexion mobility was measured using a modified sit-and-reach test, (Atha and Wheatley, 1976) , which yielded a measure of hip flexion in centimeters of reach, to the nearest half centimeter.
Hip flexion was chosen as the criterion measure because its range of movement is limited not by unyielding bony or fleshy obstructions as is, say, the knee in flexion or the elbow in extension, but by potentially extensible musculo-tendinous ties. Moreover hip flexion is a classical test that has been shown to give reliable results.
A warm-up of four practice trials was given before each test session. This was followed by three test trials. All test trials were recorded but only the best counted as the criterion score.
RESULTS
The general characteristics of the sample studied are shown in Table I from which it may be seen that the subjects were young men of more or less normal build. The last entry in the table, dactylion height, provides the reference zero of the assumed true scale of measurement of the dependent variable, although for convenience in practice an arbitrary zero was used. To establish the reliability of the measurements Pearson product-moment correlations were calculated between the criterion test score and the combined remaining two scores in each series of pre-and post-treatment tests (Table II) . Examination of this table shows that the coefficients are high, ranging from 0.94 to 0.99, and unequivocally support the view that all measurements are acceptably reliable. The means and standard deviations of the mobility measurements made on all subjects are presented in Table I I.
If the pre-treatment mobilities of all groups are compared they can be seen to be generally alike, apart from the Day 1 results of the control and vibration groups which appear to be a little lower than the rest. These results, therefore, provide a good general basis for the remainder of the analysis.
Examination of the post-treatment means shows them to be higher in every instance than the pre-treatment means, while their associated variances are in almost every instance smaller. The relative magnitude of these changes may be better appreciated if the differences between these means before and after treatments are calculated (Table IV) , and plotted (Figure 1 ). Table IV Components of variance associated with each of these questions were calculated using relevant linear contrasts, and these are included in the Analysis of Variance summary table (Table V) . The highly significant F-ratio associated with the contrast between the control condition and the experimental treatments leads unequivocally to the conclusion that both vibration and exercise, as already surmised, have mobilising effects that cannot be attributed to chance or to the mobilising effects of any test procedure. However the non-significant F-ratio associated with the second question clearly suggests that neither of the two treatments is more effective in joint mobilising than the other.
From the marginal values in

Supplementary analysis
In a repeated measures experiment the presence of significant carry-over effects from one treatment to the next may invalidate results (Li, 1964) . It had been anticipated from an initial study of the effects of repeated measurements on hip flexion that such carry-over effects would be negligible. However, the significant difference found between Day 1 and the two subsequent days meant that this assumption could no longer be fully justified. The non-significant Day-by-Treatment interaction term could, of course, be used as evidence that carry-over effects had not seriously influenced the results, nevertheless it was decided to reanalyse the data for the second two days only, and to re-organise them in such a way that any carry-over effects present would have most chance of being revealed. This was done by partitioning the data for each treatment into sets according to the treatment received the preceding day. Table 6 Data partitions according to the treatment received the preceding day The results of this partitioning are presented in Table  VI where the entries in each cell represent the mean changes produced by the column treatment when preceded on the previous day by the row treatment.
Scrutiny of this table reveals no inconsistencies. The main effects are extremely constant over day and treatment combinations. Indeed these results support even more strongly the tentative conclusions already suggested.
CONCLUSIONS
The preceding results lead to the following conclusions:-1. Low frequency vibration can improve joint mobility. Within the above constraints the results may be said to be broadly in harmony with the findings on exercise by Fieldman (1966) and others, and about vibration by Bierman (1960) . That exercise and vibration both improve mobility is interesting, but even more interesting is the finding that they do so equally, so that an average subject seated at rest on a vibrating cushion gains about the same mobility increases as if he had undertaken a strenuous programme of flexibility exercise. subject seated at rest on a vibrating cushion gains the same mobility increases as if he had undertaken a strenuous programme of flexibility exercise.
In practice of course exercise will usually be preferred because of the general concomitant benefits it can bestow, and no doubt also because of cost; but situations could arise in which techniques such as vibration would be invaluable, for instance, with the non-ambulatory patient, or where some therapeutic treatment that is not labour intensive is required. Its usefulness in such situations would, of course, depend upon its long term effectiveness and these long term effects have not been determined. Given that there is no prior joint pathology and that the mobility changes produced are minimal, mobility may conceivably increase in the short term as a result of: a) stretching of joint ligaments, b) stretching of the joint capsule, c) stretching of connective tissue in muscles and tendons, d) relaxation, e) increases in the subject's tolerance to the pain of stretching, or f) alterations in the level of the threshold stimulus invoking pain.
It is not easy to support the first three alternatives. Meyers (1971) was unable to produce changes in ligament lengths even with heavy weight-assisted stretching exercises continued over a ten week period so it is unlikely that less strenuous exercises performed on only one occasion would do more. The joint capsule and joint ligaments cannot be held to have been subjected to any real stretch in the exercise programme administered. All these fit young men could have flexed their hip joints much further than they did during the exercises simply by flexing their knees to take the strain off the hamstrings. A stretch was, of course, placed on the muscles and tendons by the exercises so connective tissue stretching might have occurred here. On the other hand vibration which was highly effective as a mobiliser can hardly be held to have stretched any tissues, so mobility cannot have been improved by this means.
It is perhaps easier to argue that, in so far as pain can inhibit a subject's efforts during maximum stretching, alterations in the stretch required to invoke pain by altering either pain thresholds or the joint position at which pain is sensed could result in an increase in apparent mobility. In view of the link that exists between increases in proprioceptive impulses and decreases in perceived pain, some mechanism that acts by proprioceptive feedback potentiation of inhibition of pain could exist. However this idea is less persuasive because it is less simple that the final alternative, viz. increased muscle relaxation.
Stretching and vibration have well known effects on muscle and tendon receptor organs. Even though the frequency and peak to peak displacement amplitude of the vibrations used in this study were not enough (Eklund and Hagbarth, 1966) to invoke an optimum tonic vibration reflex they were clearly able to illicit some response. The frequencies used were also in the range to produce some inhibition of the Group 11 afferents (Eklund, 1971) , so it is reasonable to suppose that during vibration reflex pathways were subjected to a barrage of afferent traffic for a sustained period. As the stretch reflex has transcortical connections (Marsden, Merton and Morton, 1972) it is also possible that some re-setting of the tonicity of the muscle may have occurred, i.e. increased relaxation. Why such effects should persist after 24 hours is, however, not explained. It is thus suggested, albeit tentatively, that the primary mechanism involved in increasing short term mobility in -joints limited by musculo-tendinous ties, is a re-setting, under conditions of excessive proprioceptor activity, of some centrally controlled level of muscle relaxation.
SUMMARY
It has been shown that fifteen minutes of locally applied cycloid vibration of low amplitude and frequency is equally as effective as a fifteen minute programme of flexibility exercises in increasing short term mobility of the hip flexors. It is suggested that this mobility change may occur as a result of improved muscle relaxation.
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